Appendix D

Year 2005:

Using Technology

to Build Communities
of Understanding D

igital information technology is changing how people
learn, teach, work, and play. By the year 2005, the capabil-
ities and the affordability of digital technology could cata-
lyze and facilitate the wholesale transformation of
education and the communities that support it. SRI Internation-
al’'s Center for Technology in Learning believes the effective use
of this technology could alter the relationships between homes,
schools, and workplaces and in so doing assist the creation of new
kinds of communities (29,32). In this paper, we offer one vision of
these new communities—communities that have learning and
teaching at their core and use digital technologies to foster higher
levels of community participation, enable deeper levels of cogni-
tive and social engagement, and structure new kinds of relation-
ships that support education. We analyze the social, pedagogical,
and technological trends that support the realization of this vi-
sion, and we discuss the implications for teacher training, school
accountability, and equity.
A community is a collection of individuals who are bonded to-
gether either by geography or by common purpose, shared values
and expectations, and a web of meaningful relationships (33). In
the communities that we envision in this paper—what we call
“communities of understanding”—education is the common pur- —
pose, learning is highly valued, and a high level of academic by
achievement is expected of students and their schools. Mutual re Robert Kozma and
spect, honesty, and fairness are basic values, and there is a cor Wayne Grant
mon dedication to see that each member of the community strives
and succeeds. These values are enmeshed in the everyday acti
ties and relationships of community life. There is a strong social
network in these communities and a high degree of commitment
to and involvement in the educational endeavor. This commit- | 121
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ment is shared by students, teachers, parents, asiidents’ everyday lives, and allow parents to be-
other members of the community. Although thiscome more involved in the education of their chil-
description may seem utopian, many of theselren and to have extended educational
qualities characterize successful learning environepportunities of their own. Connections between
ments in inner-city public schools of choice, Cath-school and work will allow students to learn in the
olic schools, and Asian schools of todaycontext of real-life problems, allow teachers to
(5,17,35,37). draw on the resources of technical and business
Clearly, these gualities can exist in a communiexperts, and allow employers to contribute to and
ty, independent of advanced technology. Andbenefit from the fruits of an effective educational
there can be communities based on geographgystem. Connections between schools, homes,
rather than values or on values different fromand the rest of the community will enable students
those described above. But in our vision for theo relate what is happening in the world outside to
year 2005, digital technologies are used to creat@hat is happening in school, will allow teachers
aweb of relationships, engagement, and participae coordinate formal education with informal
tion that transforms the educational enterprise ankarning, and will allow the community to reinte-
makes it the center of community life. Today,grate education into its daily life.
schools, homes, and workplaces function sepa- To make these connections pay off, this infra-
rately—connected by geography and circum-structure will be filled with effective and engaging
stances but infrequently by common purpose anthaterials and tools that challenge students, afford
collaborative action. But in our vision of commu- new activities, and motivate learning. When users
nities of understanding, digital technologies areaccess the superhighway, they will find rich, mul-
used to interweave schools, homes, workplacesimedia resources in mathematics, sciences, and
libraries, museums, and social services to reintdhumanities and rich contexts of authentic situa-
grate education into the fabric of the communitytions and tasks. They will have access to tools that
Learning is no longer encapsulated by time, placegllow them to communicate and collaborate with
and age, but has become a pervasive activity arathers, consider ideas from multiple perspectives,
attitude that continues throughout life and is supexpress their ideas in multiple ways, build mod-
ported by all segments of society. Teaching is nels, and explore simulations.
longer defined as the transfer of information, Asimportant as digital information technology
learning no longer as the retention of facts. Ratheis to our vision of the future, we have deliberately
teachers challenge students to achieve deeper leavoided the temptation to become overly techno-
els of understanding and guide students in the cotentric and speculative about cutting-edge devel-
laborative construction and application ofopments. Because we have chosen to limit
knowledge in the context of authentic situationsourselves to technologies likely to be in wide use
and tasks. Education is no longer the exclusive rean 2005, our scenarios of the future are actually
sponsibility of teachers but benefits from the parquite conservative on the technology side. The
ticipation and collaboration of parents, businessechnological capabilities we describe are fairly
people, scientists, seniors, and, of course, studerdgtraightforward extrapolations and amalgam-
of all ages. ations of the capabilities available today in ad-
How can technology support this transforma-vanced systems, which we believe will be
tion? First of all, the emerging information super-affordable by schools and homes in the year 2005.
highway (18,38) will connect schools with eachNo doubt, the cutting edge of technological capa-
other and with homes, businesses, libraries, mubility will have advanced beyond those presented
seums, and community resources. The connedn the scenarios that follow.
tions between schools and homes will help Ratherthan emphasizing cutting-edge technol-
students to extend their academic day, allowogy, we stress the collateral social change and
teachers to draw on significant experiences froneducational reform that must occur for this trans-
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formation to be realized. To realize the full impact= Valerie Spring, a senior teacher with a science

of digital technologies on our educational system,

degree.

there must also be massive changes in the largerSharon Gomez, a mathematics teacher.

social structures, relationships, and interactions
within which the education system is embedded.
The forces constraining educational transforma=
tion are not technological but pedagogical and so-
cial. Where we have been daring with this papes
is in developing a vision in which many of the

educational, social, and equity issues facing ous

George Shepherd, an apprentice language arts
teacher.

Christopher Lindsay, a school-work coordina-
tor.

Lynda Lucero, a 13-year-old of Hispanic de-
scent.

Mrs. Lucero, a design engineer at the Global

country have been addressed in systemic and posi- Car Company.

tive ways. In our analyses, we describe the needed Vincent Tracy, 14 years old and visually im-
social and pedagogical changes that can support paired.

and be supported by the emerging technologicad Other children, parents, and community mem-
developments. When advanced technology is in- bers.

tegrated into a broad effort for school reform, then
educators, students, parents, and communitie(?r
will have a powerful combination that can bring

Settings: Some of the events take place in chil-
en’s homes. Most of the events take place in the
necessary, positive change to this nation’s educMCAl.JIIffe Learning Center, W.h'Ch SEIVEs as the
, physical locus for formal learning, community ac-
tional system (21). tivities, and social services. McAuliffe is divided
Our optimism is tempered by an acknowledg- T L .
into a variety of spaces specifically designed for

ment of all the earlier technological revolutions echnoloav-supported learning. Facilities include
that failed to change the classroom (10). On th 1010gy-Supp ng. )
earning-team pods, each with a workstation and

other hand, our enthusiasm is buoyed by a grow roject resources (microscopes, fabrication mate-
ing number of policy discussions, community ex-Prol Pes,

, . . . ._rials and tools, etc.); small-group meeting rooms,
periences, and educational experiments in social, . ) : group' g
ach with collaborative technologies, a flat-panel

pedagogical, and technological change at Iocafgi lay, and personal interaction devices; multi-
state, and national levels that seem to suggest thr%i%iay, rodugtion and editing suites: and’a larae
our visions are not outside the realm of possibility. ~ . pre L g ' 9
Nonetheless, what we present is atsion of multimedia auditorium and performance center.

communities of understanding; it is not a preoIiC_These resources are used by students and teachers

tion. We do not assert that this will happen, onlygg:'sngrfge ?cii/ asmg[ iﬁecﬁiemngg f:ergrggg'g/_gem'
that it can and should. group :

With that introduction, welcome to the year

2005. [J Social Perspective: Connecting

Learning to the World

An important motivation for learning comes from
membership in a community. The meaningfulness
of a learning activity is increased by relating
events that happen in the larger world to things
= Steve Early, a 14-year-old African-American. that are happening in the student’s world. The
= Nelson, a 17-year-old living in South Africa; need to understand these events and do something
Steve’s electronic pen pal. about them creates a context and a motivation for
= Carmela Zamora, 15-year-old of Philippine de-learning. Connecting the informal experiences
scent. and learning of the outside world with the formal
= Mr. and Mrs. Zamora, Carmela’s parents. learning of the classroom makes the knowledge

A VISION OF THE YEAR 2005

[J Characters (in order of appearance):
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BOX D-1: Scenario One: Connections to the World

As he does every morning, Steve Early eats breakfast in front of the teleputer. While he watches a
news program m one window, his personal communication service relays a video message from his
South African friend, Nelson, m another window. Nelson's vid-message is about a train derailment near
his hometown that caused a huge hazardous-fuel spill, made people sick, and now endangers a wild-
animal preserve. Nelson explains. “I am afraid the chemicals will poison our water and hurt the ani-
mals “ Steve clicks on a button that Nelson embedded in the message and activates a “knowbot." This
software agent presents the news story as it originated m Nelson's community and then goes off to
search for additional information about the train accident on the GlobalNet. After Steve checks out the
Net pointers, he constructs his own agent to search the local and national video news servers for other
stories about the accident He Instructs his agent to find video clips that run less than three minutes,
sort them chronologically, and store them on the school server so he can access them later, As he fi-
nishes his breakfast, Steve watches the video that the agent retrieved.

Meanwhile, another student, Carmela Zamora, is flipping through channels to the Hispanic MTV-
News and hears about the South Africa train derailment. A budding naturalist, she is alarmed by the
news and wants to do something to save the animals. When her dad comes in to remind her about
getting off to school on time, he sees the news and they talk about it. Carmela shares her concern and
asks, “What can we do to keep this from happening?” He tells her, “We all have to help. The telecourse
I'm taking is to learn a new manufacturing process that will make the rail cars my company builds stron-
ger and less likely to crack open if they are hit or fall off the tracks Maybe you'd like to come to the
plant sometime and see how they're made *“

Walking to school, Carmela meets Steve and asks whether his South African friend knows any-
thing about the accident. “Yeah, he's worried. It happened close to his town, " he says In the play-
ground, they meet up with three other members of their learning team, the Falcons. This morning, they
must present an idea for a project to their teaching team. Carmela launches in, “I saw a report on the
news this morning about an accident in South Africa. There was a fuel spill from a train near a wild-ani-
mal park | want to find out what can be done to save the animals.” “Me too, " Steve says, “My friend
Nelson lives nearby, and | watched some video clips this morning that we could use. Let's ask the
teachers if we can figure out how to stop hazardous spills from hurting the environment. ”

The other three students agree. In the project planning room, teachers Valerie Spring, Sharon Go-
mez, and George Shepherd and the five students gather around the teleputer and open their project
planning tool. Valerie Spring starts off, “OK, let's fill in the goals for the project. What do you kids have in
mind?” The students chime in with their ideas.

“Your ideas about reducing hazardous spills sound interesting, " Ms. Spring responds, “but what
would you like to do about it? What would you like to accomplish with your project?”

“1 would like to find a way to keep hazardous waste from hurting plants and animals, " Carmela
replies.

“1 think we should get a law passed that makes tank cars safer, ” says Steve.

“My dad’s company is working on that, Steve. Maybe we could talk to him about that, " she says

“1 think that's a good idea, " says Ms. Gomez Always looking for a way to bring math into he con-
versation, she asks, “What other kinds of things might reduce the risks connected with transporting haz-
ardous wastes?” Carmela puzzles for a moment and then offers, “In addition to making tank cars safer,
what if we reduced the number of cars needed to transport fuel?” Steve adds, ‘(I wonder how many car
loads of fuel are delivered in a year. ” Excited by the prospect of a solution, Carmela volunteers, “What if
we Increased the efficient use of fuel by 10 percent?” “We wouldn't need as much fuel, " Steve replies.
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BOX D-1: Scenario One: Connections to the World (Cont'd.)

“Wouldn't it also reduce the number of cars on the tracks?” asks Ms. Gomez. “if we reduced the
number of cars, wouldn’t that also reduce the chance of accidents?”

“Yes, and it would also make the air cleaner, ” Carmela shouts, “Let's think of ways to increase fuel
efficiency”

Hanging on the wall is a large, color, flat-panel display for plotting the project. The use of pointing
devices with the display makes it easy for students and teachers to rearrange the software symbols and
objects that represent their developing ideas. Working with the display and the software planning tools,
students and teachers develop the project's organization, timeline, and goals, as well as each student’s
learning objectives and tasks, As the discussion progresses, the teachers check the goals that stu-
dents suggest with those listed in the curriculum. They also look at learning-history profiles that show
each student's current knowledge in terms of the goals. The tool lets them see the skills, activities, and
subject matter that past projects have emphasized The teachers suggest activities that will help the
students gain the skills, knowledge, and experiences identified as absent from their learning profiles.

For example, in her planning tool, Ms. Gomez Indicates that the new project will help the students
strengthen certain mathematical skills and concepts, including measurement of liquid volumes, graph-
ing number relationships, and making mathematical connections to real-world problems. She also lists
science facts, skills, and concepts appropriate to the project, including thinking critically and logically
about the relationships between evidence and explanations, understanding ecosystems and organ-
isms, and describing transformations of energy. Like most of her colleagues, Ms. Gomez has become
adept at thinking in terms of broad, ambitious goal statements established by her school and district.

As a result of the discussions, the students decide to make an interactive multimedia report as
their final product “You need to think about your audience for the report, ” comments Mr. Shepherd,
their language arts teacher, “and what they would want to know about your topic. ”

“We need to think about why our report would be important to them, ” adds Steve.

“If someone dumped fuel in your backyard, you would want to know how to stop it, ” replies anoth-
er team member. “Maybe we should show what happened to Nelson’s neighborhood and then look for
spills in our neighborhood, too, " adds a fourth member.

“But we need to find a way to stop it, " demands Carmela.

The students decide they will interview Steve’'s South African friend Nelson and ask his school-
mates to collaborate with them by gathering video images and other local information about the train
accident that can be integrated with the information they create. They will also talk to community mem-
bers in the McAuliffe neighborhood and see whether there have been any fuel spills in the area during
the past year. Finally, they will come up with some suggestions for how to stop fuel spills. They will store
their report on the community video server and make it available through the community-access cable
channel and send it to Nelson and his South African classmates. The report will conclude by taking
viewers to the Environment Chat Room on the GlobalNet, where they can talk to scientists, environ-
mentalists, and others about the problem and potential solutions.

Each student has an assignment and downloads the project plan into a personal digital assistant
with a beginning set of pointers to resources both inside and outside the neighborhood. “1 think we
might really make a difference here, ” Steve says. “1 can't wait to tell Nelson. ”

acquired more useful and the world outside more  increasing the authenticity of learning activities.
comprehensible. Today’s technologies—television, telephones,

Technology helps motivate learning by bring-  computers, electronic mail, and videodisks----of -
ing the world into the learning environment and  fer ways of infusing real-world issues into con-
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ventional, discipline-based curricula. However,or group interest and the generation of activities
the usefulness of these technologies is limited bgnd products that will accomplish the goal or
a paucity of interactivity—there is not much thesolve the problem (4). Within this framework, stu-
student can do with this information. As technolo-dents pursue solutions to nontrivial problems, ask
gy evolves during the next decade, a host of peland refine questions, debate ideas, design plans
sonal communication and information servicesand artifacts, collect and analyze data, draw con-
will become increasingly understandable, affordclusions, and communicate findings to others. Be-
able, and accessible to consumer and educati@ause they bring problems in from their own
markets. personal lives, students are more motivated to
An interactive connection with the world can pursue a deep understanding of a cluster of topics
dramatically increase learning resources. Teachacross related domains. This approach contrasts
ers and students can get access to expertise andwith the current practice of superficial coverage of
formation not otherwise available. More many topics in a single domain.
importantly, students cado somethingwithin The project is also a way of valuing and inte-
this technological environment. They can interactjrating knowledge from multiple perspectives
with and influence other people. They can exploreind multiple disciplines. Naturally occurring
far-off continents, and they can add to the contentgroblems are not compartmentalized into mathe-
of far-off libraries. They can share a museum visitnatics, science, and language arts. Furthermore,
with their schoolmates or take a field trip withoutproblem solutions benefit from the multiple ex-
getting on a bus. Scientists can come into thgertise, perspectives, and modes of expression
classroom, and students can go off into spacehat come from multiple members of teams—both
They can identify people with similar concernsteams of students and teams of teachers. No one
and find others who can help them solve theiperson is likely to have the solution to complex,
problems. This interactive web of people and rereal-world problems, and differences among stu-
sources can become a foundation for building thgents in expertise and experience are valued.

community of understanding. Project-based learning, particularly projects
that emerge from student-identified interests,

[J Pedagogical Perspective: makes planning and accountability more com-
Project-Based Learning plex. The challenge for teachers is to begin with

In recent years, consensus has evolved aroundtRese student-generated interests and guide the de-
set of National Education Goals to improve stuvelopment of a particular project to make sure that
dent learning. By the turn of the millennium, thestudents are challenged and ttety accomplish
individual states and local school systems are likeimportant educational objectives. They must
ly to implement these goals into an extended set dfuild on individual strengths and accommodate
standards that students must achieve (for exanthe individual needs of students within the group.
ple, see references 6 and 7). These will serve admaddition, they must work with students to gen-
focus for the design of learning environments anegrate productive activities and provide them with
activities. Prominent among the National Goals isaccess to useful resources.
the objective of increasing student ability to solve Technology can help both teachers and students
problems and demonstrate competency over chatanage the complexities of project-based learn-
lenging subject matter, particularly in mathemat-ing. In the scenario above, teachers and students
ics and science. In our vision, the “learninguse project software to help theéwaep track of
project” is the mechanism used to accompliststudent progress with respect to curriculum goals.
these goals. Teachers use the software to support students in
Project-based learning involves students in thatructuring their projects by providing students
identification of some problem or goal of personalwith access to resources and activities they can use
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to accomplish their goals. And students benefiby stepping them through the planning process,
when they externalize their ideas by representingsking them to define their goals, prompting them
them explicitly as concrete objects with whichto select activities to accomplish these, guiding
they can interact more easily. Finally, bo#hch- them to resources, and structuring their assess-
ers and studentsan use the environment to sharements. Students begin to use these prompts social-
experiences and resources with others. ly with each other, and ultimately the skills
become internalized and they can use them on

[ Pedagogical Perspective: Scaffolding their own. While s_tudents work on th_ei_r project,
. the tool keeps their goals and plans visible so that

“$caﬁo|ds” are external aids that provide C09N"they do not lose track of them while in the thick
tive and social support for people new to a task 0%¢ their activities.
knowledge domain, much as scaffolds on a
construction site support workers and material . .
while a building is erected. These external aidi] Te-chnologl.cal Perspectives .
consist of questionsl promptS, or procedures prdn this scenario, a number of teChnOIOglcaI tools
vided to students that more knowledgeable peoplénd softw_are utilities support student learning and
have internalized and provide for themselves. Bygonnect it to the experiences, resources, and
performing part of the task, scaffolding allows People in the outside world.
students to manage tasks that are more challeng-
ing than the ones that they could do on their owfomputer-Based Planning Environment
(41). When these aids are a normal part of the Although pedagogically appealing, project-
classroom discourse, students can model thedmsed learning and scaffolding present new chal-
skills for each other and get assistance from thkenges to teachers and learners. Teachers need
teacher and others in the group (25). As studentselp to ensure that open-ended, bottom-up, proj-
refine and internalize these new skills, the supect-based approaches provide a comprehensive,
ports are gradually withdrawn and students perbalanced education, and learners need help in
form more of the task on their own. planning and executing their projects. Technology
Problem solving and critical thinking are par- can provide this help.
ticularly challenging curricular goals for young Embedded coaching systems and intelligent
students. They must learn to analyze problemesritics that assist users while they are actively car-
and specify goals, identify information and planrying out their tasks are beginning to appear in
activities that will help them solve the problem,commercial products (for example, Apple Guide
identify the products of their work and specify cri- in Macintosh System 7.5) and will become much
teria that will be used to evaluate them, and worknore common in learning software environments
as a team to accomplish their goals. The use afi the next 10 years. These approaches are particu-
scaffolding helps students work through thesdarly effective for open-ended exploratory envi-
cognitive and social processes. By using theseonments (14) that emphasize the discovery
processes repeatedly across projects, students willocess as well as project design and develop-
come to generalize them, take them out to the reahent. These software coaches and critics will pro-
world, and apply them to problems they encountevide timely curricular support for teachers, and,
there. along with the teachers, scaffolding for students.
In our scenario, students use a combination of In this scenario, teachers and students use a
technological and social supports to scaffold theiproject planning tool that helps provide students
problem solving. They use a computer-based projwith guidance and feedback on the design, devel-
ect tool along with the guidance of teachers andpment, and execution of their projects. By
each other to design and manage their project. Thmnstructing a “learning-history profile,” or mod-
tool and the teacher team scaffold students’ workl of each student’s current knowledge state, the
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project planner functions as an assessment todeal and the failure to pass federal telecommu-
that enables teachers, students, and parents to seeations reform legislation, the complementary
areas that past projects have emphasized, as wellpabilities of communication companies contin-
as the objectives a student might address in thée to make them attractive partners (1,36), as wit-
current project. In the process of constructing theinessed by the recent Intel/AT&T deal to develop
project plan, the students and teachers work witkervices for corporate video phones (39). Extrapo-
the tool to decompose each activity into its condating these trends, it will not be long before an
stituent curriculum objectives. The tool makesarray of familiar consumer products can be used
suggestions for improvements to the project by reto send and receive digital messages in a variety
ferring to similar cases and draws from a databassf forms with a variety of devices at prices similar
of activities known to have been successful in thgo those currently charged by cable providers, tele-
past. A record for each activity in the databasghone companies, and other information utilities.
contains a description of the activity, a set of links  |n this scenario, when Steve checks the person-
to useful content, and a list of technologies thesgl communication service on his television for
students will need to use to meet their learning obyid-messages, he does not leave the television ex-
jectives. Over time, the use of such tools, in thgerience and go to a desktop computer to enter a
context of project-based learning, supports deepommunications mode in a different medium (that
engagement in problems and content without sags, text). Because of windowing and multitasking
rificing the comprehensiveness of the curriculumseatures offered by his “teleputer, “ he mixes the

L. . informational perspectives Nelson sent him from
Integrated Personal Communication Services  gouth Africa with those available from his local

Current approaches for exchanging electroni¢,a\ys service. These capabilities allow him to

messages assume that users send, receive, affre seamlessly intermingle South African per-
store messages WIFhIn a sm_gle information u““tyspectives with local ones and to connect these per-
(such as the on-line services CompuServe oLy tives with other information available in the

America Online). These electronic communica-gystem Nor does Steve have to interrupt the train

tion services are separate from services for comys thought he developed durihgs news viewing
municating by voice and from other information experience to log on to an information utility. The

services, and these differences create d'ﬂ'cu"'eﬁtegration of services frees the cognitive capacity

and barriers for users. Several trends suggest Siﬂbrmally used to operate different systems and al-

nificant changes by 2005 that will integrate thesefowS a deeper engagement with the ideas con-
services, and make them easier to use.

. tained in the messages.
For the past few years, telephone services have g

expanded to include voice mail (voice messaging)

and personal telephone numbers (unique addressmart Mail, Intelligent Agents, and

es). The telephone companies are increasing tf¥ogramming by Example

capability of their infrastructure to transmit text As aresult of the integration of information and
and high-quality audio and digital video, and, ascommunication services, the amount of informa-
a consequence of recent FCC rulings, they are b#on and the number of people available on the net-
ginning to offer these services on a limited and exwork increase dramatically. Tools will be needed
perimental basis. Similarly, trends in the cableto make this mass of information useful and us-
television industry suggest that, besides video-orable. Smart mail, intelligent agents, and program-
demand, cable providers plan to offer messagming by example will increase the power of
services and access to the kinds of databases cepmmunication, decrease the difficulty of finding
rently carried by information utilities. Despite the and using information, and make the system easy
falling through of the proposed TCI/Bell Atlantic to operate.
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General Magic has recently organized a consofformation of a certain kind. Construction of this
tium of companies—including Sony, Motorola, agent is easy because these are the kinds of things
Apple Computer, AT&T, Philips, and Matsushi- Steve usually does with information, and the
ta—to develop personal communicators and adagent knows that (see box D-2).
vanced communication software and services to
be offered at prices geared to the average consurmit Social Perspective: Connecting
er. The heart of these services is a communication- Learning to Work
oriented programming language called Telescrip
In Telescript, each message is an agent, or
“knowbot.” The agent is a small program that ca
perform functions besides just expressing a tex
message, such as searching, collecting, organi

ing, and distributing information to certain peoplesuch asAmerica’s Choice: High Skills or Low

at certain times. In the future, scripting Ianguage%ages!(m) rang the alarm that the United States
like Telescript will enable users to add computa-

. S . Is not providing an education that prepares young
tional capabilities to their messages (27). . : )
For this technology to be broadly successfulpeOple for productive careers in the technology

o dependent and highly competitive 21st-centur
the ability to construct a smart message cannot ey P . gnly b y
; o . ork environment.
quire a user to learn a difficult programming lan- School-to-work transition programs  should

guage or ertg lines of code._New approe}‘ch(_as:slrﬁelp students acquire the conceptual underpin-
simplifying this task by allowing users to V\.mte nings of the skills they learn without becoming
a program by example (11). In programming bytrapped in training on specific procedures or

example, a software agent monitorsauser_as he8 uipment, much of which will be outdated by the
she performs a task, such as constructing an[ e the students enter the adult work world.

sending a message. The agent forms a model f eally, students should be exposed to both the

mg?tthr? dlésr:tra:rsl ddsoterg ?::eggc.f It'lllsof?ec;qgizr:: )Practical contexts and the meaningful tasks of
ttlhu i in th fpt THI Wlb Dl adult work as well as the conceptual knowledge
outthe actions In the future. Thus, by SIMply pers, generalizable skills normally associated with

forming a task, the user creates a program that ﬂ}Srmal learning (31). The teacher guides the trans-

system can implement under similar fut_ure Cir'fer of knowledge between these two areas and
cumstancesBy 2005, such approaches will be SOhelps students reflect on their experiences.

evolved that users will be able to construct agent . tic approach, students should be chal-
scripts so naturally that they will be completelylengecl by tasks that: ’

oblivious to the fact that they are “writing” a pro-
gram. = Have analogs in adult work, but also reflect stu-
The “smart” message Nelson sent Steve in- dents’ interests.
cludes a set of computer scripts, which, when trigs Are complex and open-ended, requiring Sstu-
gered, link Steve to more information. Nelson dents to work through the definition of the
wanted Steve to see the train derailment and problem and regulate their own performance.
chemical spill from a South African and other per-= Relate to practical situations so that experiences
spectives, so in his message he inclualégper- from work and daily living provide important
media link that Steve can follow to see the South information, strategies, or insights.
African news clip and an agentthat Stevea@ih = Can be accomplished in multiple ways, typical-
vate to search for information about the train acci- ly with more than one good answer or outcome.
dent on the GlobalNet. Steve also constructs his Are performed by student teams, with different
own agentto search for and organize additional in- students taking on different specialized roles.

tSociety is recognizing that students must be better
repared for productive jobs within the competi-
ive world market and that those skills and knowl-
dge could be better obtained if academic work
frore closely resembled authentic work. Reports
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BOX D-2: Scenario Two: Connections to Work

Later that day, Carmela and Steve join one of their other learning teams the Cheetahs which is
designing a car to compete in the National Cyberspace Derby against cars created by students from
other communities around the country, The team is preparing for the regional competition; the winners
compete in the national finals. Students are coached by school-work coordinator Chris Lindsay and
math teacher Sharon Gomez, Chris Lindsay starts the meeting: “There are two designs you folks have
been working on; we need to decide which one we will use to compete in the regional, ”

“Lynda and | want to race our fastest car, " explains Vincent Because he is visually impaired and
cannot see the car being designed, Vincent relies on auditory and tactile feedback provided by the
computer system, As he traces his hand over a flat-panel display, the system provides auditory informa-
tion about the coordinates he is interacting with, He has learned to use this information to build an
image of the car in his mind At the same time, graphic and text information is fed to a Braille printer so
he has documented information that can be used in the future and shared with other blind students, “I
like this design, ” he says, “Now that we have modified the spoiler and tuned the manifold, this should
be the fastest, ”

“Remember, the race rules state the best overall car wins, ” replies Ms. Gomez, “What other fac-
tors do you think you need to consider, given that rule? What might the judges include in determining
the best OVERALL?”

Carmela responds, “Well I've been thinking about a new hazardous-waste project that Steve and |
are working on, and | think building the most fuel-efficient car will be safer for the environment “

‘(Yes, and thinking about it from a business view, what about the cost of production? You do need
to make a profit, right?” offers another team member

With these ideas in mind, the student team consults with an engineer who works at the local office
of Global Car Company, an automobile manufacturer and one of the race sponsors, The engineer is
also the mother of team member Lynda Lucero. For weeks, Ms. Lucero in person and remotely re-
sponds to students’ questions as they encounter problems with their designs, The students use a high-
end workstation and computer-aided-design (CAD) program supplied by Global Car, The students’
CAD tool has all the basic features of professional design tools but runs on less powerful and less ex-
pensive computers than the one in Ms. Lucero's office. However, the two machines are connected so
that the same image appears on both screens and can be altered by both the students and the engi-
neer,

.Are performed with the same information and
the same kinds of technology tools (though not
necessarily identical tools) that are used by pro-
fessionals.

Networked communications and collaborative
software can be used to create new relationships
between work and school. As reflected in this sce-
nario, teachers and experts from various profes-
sions can jointly design realistic activities based
on authentic tasks that motivate the learning of
generalizable skills and concepts. Teachers pro-
vide an overall structure, assess student work and
create ways for student self-assessment, and point

out linkages between project activities and the
concepts under study. Mentors work with students
on specific tasks, providing guidance and assis-
tance when students reach an impasse, modeling
the way practitioners in the field solve problems
and providing guidance that is not associated with
the grading process. All of thisis supported by the
electronic infrastructure and a set of software
tools.

OPedagogical Perspective: Modeling

There are two meanings for the word model
( 15)—an “of’ meaning and a “for” meaning—and
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BOX D-2: Scenario Two: Connections to Work (Cont'd.)

Ms. Lucero’s image appears in a small window in the corner of the screen next to the large win-
dow that displays a wire-frame model of their favorite design. Back in her office, she uses her stylus to
lower the roof line on the model, and the students see the results on their monitor “If we make the roof
line lower, it looks better and it will reduce friction—or what we call the drag coefficient—which results in
increased fuel efficiency, However, manufacturing a sleek racing car can be expensive, and you have a
limited budget for your design, This is what your teachers mean when they talk to you about
‘constraints’ in design. You are going to need to think carefully about whether to spend that money on a
better engine, a more comfortable interior, or reducing the drag. " The team discusses these and other
complex issues with Ms. Lucero.

The cars the students create are not static drawings but functioning models that they can test on
a simulated cyberspace race track. So after they make changes to their cars, Ms. Gomez has the stu-
dents conduct simulations to test each change scientifically by running the car and studying the effects
of their changes on speed/fuel consumption comparison graphs. To increase their understanding of the
issues, working with Ms. Lucero, she introduces them to velocity and acceleration graphs. The students
begin to see that there is a lot of math and physics as well as artistic talent revolved in making a car that
is attractive, fast, and fuel efficient,

At the end of the mentoring session, each student uses a personal digital assistant (PDA) to re-
cord new information and knowledge and a reflection on the day’s activities in a “learning log, ™ Mean-
while, as they work with each learning team, the teachers use their PDAs to keep track of new skills the
students have demonstrated and their impressions of how well the exercise fosters collaborative skills.

“OK, team, " Ms. Gomez announces, “everyone please put a note in your PDAs so you'll remem-
ber to have the people in your family conduct a simulated test drive of the prototypes by next Monday
You'll need their comments on how each car handles. Ask them to compare each design to the cars
they drive Remember, customer satisfaction counts, too. ”

“The race is just two weeks away, " Mr. Lindsay reminds them. “You must decide on the final de-
sign by the end of the week so there’'s plenty of time to prepare your multimedia reports and rehearse
your presentations. You will have to explain why you designed the car the way you did, Remember,
we've invited families and neighbors to watch the race, so you need to be sharp. ”

both are relevant to new pedagogical approaches.
In the first sense, models are constructed, symbol-
ic artifacts that simulate the “real thing” in some
important ways. These artifacts may be scale
models, flow charts, or computer simulations that
display or operationalize the structural or func-
tiona relationships of a physical system, such as a
mechanical device, or of a conceptua system,
such as Newton's laws of motion. By building,
manipulating, and explaining the design of such
models, as illustrated in the scenario, students
come to understand these structural and functional
relationships (42). When modeling a phenome-
non, students must represent their understanding
of the world in an explicit way, as the students did

with their design of fast, fuel-efficient carsin the
scenario above. By representing these phenomena
explicitly, students may uncover weaknesses in
their understanding that they can work to correct.
If students operationalize their understanding in
computational models, they can compare the be-
havior of these models with the behavior of real-
world phenomena, using these to judge the
validity and reliability of what they know.

In the second sense, a model is a symbalic rep-
resentation of something that is intended to be-
come real. In this sense, behaviors, practices, and
attitudes are modeled with the intent that students
will come to be like these models. In cognitive ap-
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prenticeships, an expert carries out a task so thaburse from teacher-initiated questions, followed
students can observe and understand the procesfgsstudent responses and teacher evaluation, to
that are required to accomplish the task (9). Thia pattern of teacher- and technology-supported
modeling requires the externalization of cognitivediscourse in which students initiate inquiries,
processes and activities that are usually performearovide responses, and evaluate each other’s con-
internally. In the scenario above, Ms. Lucero wadributions. That is, the focus of education shifts
modeling how designers think, solve problemsfrom teaching to learning.
and use their tools. In demonstrating the process Technology can be used to structure and facili-
by using the shared CAD tools, she not only modtate this collaboration. Currently, there are several
eled the use of the tool but the decision processéschnology-based learning environments that il-
and procedural knowledge that are used to desidastrate this capability. Scardamalia and Bereit-
cars. er’'s (30) computer-supported intentional learning
Technology can be used to help make these irenvironment (CSILE) is structured so that the stu-
ternal processes external and observable whildents use a computer to collaboratively build a
students are working on their authentic task. Asext and graphical database of information on top-
well, the system can keep track of students’ proics of mutual interest. In creating this database,
cesses and make these traces available to both sstudents engage in electronic interactions in
dent and mentor. These traces can become thhich they pose problems, ask questions, and
focus of cognitive mentoring in which both stu- share their understanding. Pea (26) provides a
dents and mentor examine the thinking processegaphical simulation environment with which
behind specific decisions. Thus, the studentsgroups of students construct ray diagrams that
thinking processes themselves, as represented fiaplicate actual or videotaped experiments illus-
these traces, can become a direct object of mentdrating principles of light and vision. White (42)

ing. designed a simulation environment with which
students formulated and tested hypotheses about
[0 Pedagogical Perspective: force and motion. Environments such as these,
Collaborative Problem Solving and the CAD environment in the scenario above,

‘when used along with appropriate educational ac-
éivities, transform the roles of students from recip-

lents of transmitted facts to active participants in

Jknowledge-building communities.

Traditional school learning emphasizes individu
al achievement and solving problems without th
aid of other people or resources (28)though
this approach works when learning facts and sol
tions to simple, contrived problems, it is insuffi- ) )
cient for the application of knowledge to solve thel] Technological Perspective
complex problems of the adult work world. In theln this scenario, the school's computers provide
real world, complex problems are frequentlyprocessing power sufficient to render and manipu-
solved by teams of people who bring to bear a variate CAD graphics and run simulations. The soft-
ety of perspectives and expertise. Preparation fovare enables students to create powerful project
this environment involves learning to collaboratedocuments quickly and easily. In addition, the col-
and to use a variety of tools and resources. laborative software, coupled with a broadband
Collaborative learning focuses on problemsnetwork infrastructure, makes school-work men-
rather than topics and engages students in actiiering a reality. These capabilities enable new
ties where they produce and promote theories, irrelationships, new levels of participation, and new
terrelate ideas, and explain how things work orctivities that support connections between
how they are caused. This shifts the pattern of disschool and work.
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High-Performance Workstations will need only the functionality pertinent to that
According to “Moore’s law, “ the density of mode, as narrowly defined. Therefore, a user who
computer chips quadruples every three years. Thigants to add pictures and sounds to a document
trend is expected to continue until the year 2000must move back and forth between several other
when extrapolation suggests that a single memorgoftware packages (such as a graphics or sound
chip will store 256 million bits. The 256-million- package) and deal with the operation of these oth-
bit figure may be slightly optimistic, however, er programs.
since Meindl (22) predicts that growth will slow  Document-centered approaches assume that
down sometime in the near future. Using Meindl'susers will want access to different tools all the
projections, the density of chips will grow at 20 totime. Thus, document-centered approaches en-
35 percent per year through the year 2111. If thatapsulate functionality in software components
trend—and a similar trend of increases in prothat users can access within any document. For ex-
cessing speed—holds, computers developed arample, instead of working with a word processor,
priced for consumer and education markets will belrawing application, or spreadsheet, users can
able to process data at speeds approaching 40®rk within generic documents and import into
MHz by 2005. those documents the specialized capabilities
While power and speed quadruple every thre@eeded to perform specific tasks. This capability
years, historically computer hardware prices dropvill make systems easier to operate and tasks easi-
by half. Following similar trends, prices of RAM er to perform. As with integrated communications
and VRAM will continue to fall and enable learn- technologies, a document-centered approach frees
ing environments to upgrade workstations so thahe cognitive capacity normally used to operate
they can render and manipulate detailed graphiddifferent systems and allows users a deeper en-
images at speeds greater than those afforded lgggement with their ideas.
today’s dedicated graphics workstations. Addi- In this scenario, document-centered ap-
tionally, the cost per megabyte of storage will drogoroaches enable students to easily import dynamic
to enable storage systems for low-end workstamodeling capabilities into their designs, so that
tions to reach into the gigabytes. their cars can actually race in cyberspace. They
Consequently, in this scenario, students usean also export components of their design docu-
what would be considered, by today’s standardspent into their multimedia report document, so
a high-end graphics workstation to develop theithat they can demonstrate design features as they
cybercars. These students and teachers take gutesent the rationale for their design.
vantage of this processing power by working on
authentic and appealing car design problems tgimulation and Modeling

learn physics and math. The opportunity to model a phenomenon offers
students a significant new way to represent and
Compound Documents operate on their understanding of the world—in

Supported by trends in object-oriented pro+his case, a world of cars, what makes them work,
gramming, software developers are moving awaynd how they are designed. Document-centered
from current applications-centered models Ofapproaches enable students to import “smart ob-
software development toward document—centereﬂectsn from a car design object suite into their proj-
approaches. Applications-centered models focUgct document. The objects themselves “know”
on separate task clusters, like writing or budgetnow they can interconnect. And because these ob-
ing, and design software with functionality thatjects are fashioned in view of an overall model of
corresponds to these clusters, such as word pregyy cars operate, when interconnected they can

cessors and spreadsheets. This model assum&stribute to critiques of students’ evolving car
that users enter a task mode (such as writing) and
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designs. These objects also “know” about properems that teachers do not have the expertise to
ties of the world in which cars operate. tackle, and she collaborates with teachers to create
Consequently, when students carry out simulaauthentic tasks and experiences for the students.
tions, they receive feedback about performancén this way, the technologies enable new kinds of
and efficiency. For example, in this environmentrelationships and new levels of participation that
students can even carry out wind tunnel simulaean support learning.
tions, which, with the help of visualization, enable
them to assess the aerodynamic efficiency of thejssistive Technologies
designs. Thus, the technologies that support mod- Advances in computer and other technologies
eling constitute a learning environment thathave long offered the potential of enhancing the
involves students in a systematic process of recueducation of children with disabilities, and in the
sive design—a process that requires them t@ast decade, many applications of software, com-
construct a grounded understanding of physicguter peripherals, and other technologies have
and math while simultaneously developing abeen developed or adapted to increase the partici-

mental model of systematic inquiry. pation of these youngsters in learning experi-
ences. Because of the increasing awareness and
Collaborative Computing acceptance of disabilities in our society, and the

Currently, researchers are focusing a great deshpidly accelerating pace of technology develop-
of attention on workgroup computing, also knownment, we foresee an increasing range of assistive
as groupware or computer-supported collaboratechnologies by the year 2005.
tive work environments. These are hardware and The full range of children with disabilities who
software environments that connect people, peran benefit from technologies is too broad for us
haps at different sites, to work on shared taskdo address in this paper. For this reason, in our sce-
These environments allow users to exchange anthrio, we have selected just one area on which to
work on shared documents, in synchronous ofocus attention—visual impairment. Currently,
asynchronous mode. The connections may prahere are a number of assistive technologies de-
vide for the exchange of formatted files, voicesigned to help persons with visual impairments.
messages, graphics, or video. The environmerithey include fully speaking, hand-held dictio-
scaffolds collaborative problem solving and de-naries, screen readers with audio feedback that al-
sign. Computer-supported cooperative learnindow the user to get an audio “dump” of a computer
environments are just beginning to spin out ofscreen, Kurzweil readers, Braille printers, and so
these technological developments (26, 30, 31). on.

Because they have access to collaboration ca- In our scenario, assistive devices designed for
pabilities, when students in the scenario abovéhe visually impaired and specialized interfaces
reach a stumbling block in their approach, theyfor technologies used by his fellow students en-
can connect to a car design expert who shares theible Vincent to share his learning experience and
document space. Ms. Lucero not only sees the deeduce the isolation his disability imposes. For ex-
sign that the students are creating, she can manigmple, students with no visual impairment might
ulate this design on her workstation. The studentbe using a graphical user interface (GUI) to inter-
can see and hear Ms. Lucero and see what shedst with the software; Vincent would use speech
doing with the design, and they can work togetherecognition technology and an interface that uses
on its development. The collaboration environ-the same graphic metaphors but presents them in
ment also records a history of the group’s designyords (40). In addition to recognizing his speech
so that Ms. Lucero can see earlier versions of thimput, the technology provides Vincent with the
design and review the design process. The expesame information that others can read on a screen
collaborates with students to solve special probas text or graphics. This can be done by translating
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this information to voice, so that Vincent can heatearning process report feeling more compelled to
what is on the screen instead of seeing it. In ounelp, report that they understand what their child
scenario, we have also projected that Vincents being taught, and rate the teacher higher in over-
could use a touchscreen to enable him to visualizall teaching ability and interpersonal skills.
graphics or schematics, the information being When parents are involved with children’s
provided to him by voice according to the coordi-learning, teachers maintain higher expectations
nates that he touches on the screen. These powésr students and report stronger, more positive
ful assistive technologies not only increase thdeelings about teaching and their school. They
participation of disabled students but provide stualso are less likely to make stereotypical judg-
dents with environments of equivalent experi-ments about poor, less-educated, or unmarried
ences that enable new relationships betweeparents than other teachers do.

disabled students and their nondisabled friends Mostimportantly, the children of involved par-

(see box D-3). ents—especially students from low-income fami-
lies and ethnic minorities—earn higher grades and
[1 Social Perspective: Connecting test scores (16). Schools also perform better when
Learning to the Home parents are involved at school. It is estimated that

A key factor in building “communities of under- when as few as a third of the parents become ac-
standing” will be the extension of learning envi- tively involved, a school as a whole begins to turn
ronments to include home and parents. Althouglaround (16). The performance of all children in the
most parents want to be involved in their chil-school tends to improve, not just that of the chil-
dren’s education (13), a number of factors makelren of those who are more involved. The highest
this difficult. The rise of single-parent and dual-level of student achievement happens when fami-
career families has reduced the amount and flexlies, schools, and community organizations work
bility of time that parents have to assist theirtogether.
children and communicate with teachers. Some The increased presence and connectivity of
parents are inhibited by cultural differences, feeltechnology in the home can increase the level of
ings of mistrust, or their own lack of education.parental involvement by making it easier, more
Unfamiliar curricula and recent developments inconvenient, more interesting, and more produc-
knowledge make it difficult for some parents totive. Connections with the school can not only ac-
draw on their own education to help their childrencommodate parents’ time constraints, but they
As aresult, parents of all educational backgroundsituate parents’ interactions with teachers in the
believe they are ill-equipped to help. Several nacomfortable, familiar context of home experi-
tional surveys of parents of all income levels havences and tasks.
found that they want schools to tell them how to In this scenario and the first one, a number of
help their children at home, and they want moreschool programs and technological capabilities
information about their children’s performance insupport parental involvement and communication
school (16). between the school and the home. Connections
Teachers face similar constraints on their timebetween school and home allowed Mr. Zamora to
Many lack training for dealing with parents or participate in Carmela’s experience even though
have difficulty relating to culturally different fam- he could not attend. He is also able to help her and
ilies. But studies show that school programs thaher classmates within the constraints of time and
support parental involvement affect participationplace. Finally, he is able to use technology to ex-
more than other factors, including the parent'dend his own learning. Other activities and ser-
race, education, family size, or marital status, anstices facilitated by these connections could be:
even student grade level (13,16,23). Parents
whose children’s teachers involve them in the
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BOX D-3: Scenario Three: Connections to Home

Four weeks later, the families of the students and other community members gather to cheer on
the student teams as they pit their cars against others in the finals of the National Cyberspace Derby.
Steve and his parents walk into the performance center where the other students and neighbors are
gathered. Excitement is thick in the air.

“Thank you, everyone, for joining us this afternoon, ” Mr. Lindsay, the school-work coordinator,
says. “We appreciate Global Car Company’s sponsorship of this race and providing the students with
our engineering mentor, Ms. Lucero. In the finals, the winner of the race will be the car that is the fastest
while getting at least 40 miles per gallon of fuel. All cars have raced in series of regional qualifying runs,
and now the best 12 will compete in today's final race. These cars have already rated high on tests of
user satisfaction and have come within production budgets. ”

On the large projection screen, the audience sees the race from four perspectives. In one win-
dow, there is an overhead view of the entire track and the position of each car. Another window displays
the track from the driver's seat as students maneuver among their competitors. A third view focuses on
the car’'s instrument panel of gauges showing speed and fuel consumption. Because each car is a
computational model, the students can tap into any car on the track, read its gauges, and display them
in a fourth window

Lynda, Vincent, Steve, and Carmela huddle around their teleputer as the voice of the announcer
comes through the speaker. “Good luck, everybody. Ready, set, GO!”

As the audience cheers, the McAuliffe Cheetahs accelerate their car around the track, moving to
the front of the pack

“You're off to a good start, ” Ms. Lucero cheers

As the cars lap the cyberspace track, two cars from other communities pull ahead. “Look how
much fuel they've used, " yells one parent, pointing to the projection screen. The audience watches the
indicator drop quickly as the car in the lead bursts ahead. “See our fuel gauge; we still have plenty left, ”
Steve shouts.

The community audience groans as the cars reach the finish line. Two cars cross the line ahead
of theirs. Then the voice of the announcer says: “While the first two cars that crossed the finish line were
the fastest, the winner is the car that is both fast and fuel efficient, so our winner is the car that crossed
the line third: the McAuliffe Cheetahs!”

Later that night, those from the community who couldn’t attend the race live can access a replay
of the race on the community’s dedicated learning channel. Carmela returns home with her mother to
find her father finishing up his latest telecourse lesson. “Congratulations!” he beams. “1 watched the
results in the background while | was working on my lesson. Great job!”

Carmela smiles back, “1 knew we could win if we made it more fuel efficient. We checked the fuel
efficiency every time we changed the car design. Keeping track of fuel efficiency is really important. We
are using it a lot. Ms. Gomez asked us to enter the fuel efficiency of our family cars in the class data-
base for our project on hazardous spills. Can you help me transfer the data from our car's computer?”

Mr. Zamora reaches for the family PDA and calls up the database for their car. The database is
automatically updated by wireless communication every time the car pulls into the garage, so the family
can keep track of its efficiency and catch problems before they become big ones. “Let's link these data
to your classroom database, like this, and it will automatically be updated, too. Let's sit down tomorrow
night and go over the data together. We can look at why some cars are more fuel efficient than others “

“Dad, will you mentor this project?” Carmela asks. “The kids want to see how the rail cars are built
so they don't spill hazardous waste “

“Sure, let's send electronic mail to your teachers asking how | can help, " he says. “But first, let's
replay that winning race!”
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= Videotext service and dedicated school video Allowing learners of disparate knowledge,
channels that provide continual updates of learning styles, challenges/impairments, and
school activities. language to be equally engaged in the assess-
= Electronic mail or voice-mail messages that al- ment process.
low parents and teachers to discuss studemt Archiving the learning process, draft materials,
progress asynchronously, at times convenient and finished products.
to each. = Recording time spent on tasks and tracking
= Video programs that explain student assign- scaffolding.
ments and provide tips for how parents can par Supporting “remote” evaluation of student
ticipate and help. work.
= Computer-based assignments, educational Publishing student work and making it avail-
projects, and multi-player games that parents able to parents and others in the community.
can do with their children.

= Extended video-based programs or mini-[J Pedagogical Perspective: Multiple
courses that supplement parents’ knowledge of Representations and Visualization

arange of topics from parenting skills to sChoOk, 4o 4| representations are the primary means by

sul_)Jects. . . . which people come to understand a phenomenon
. SWltched_, interactive video so parents and othe& concept and express this understanding to oth-
community members can tutor children from

: ers (20). We use words, pictures, sounds, dia-
their homes. _ grams, numerals, and other symbols to construct
Community-access video servers that allowyege representations and convey meaning to oth-
parents to share personal photos and audio a%qs_ Each type of symbol, or symbol system, ex-

video recordings of historical note or personalpresses the meaning of a phenomenon or concept

meaning. in a different way. A picture of a car racing down a
track says something different from the equation

[1 Pedagogical Perspective: f=ma, yet both say something about motion,
Authentic Assessment force, acceleration, etc. Making connections

Paralleling several other developments describeBCroSS Symbol systems or representations is im-
above, there is a national move to change studeRPrtant; in fact, the ability to make these connec-
assessment so that it reflects knowledge as it £2NS IS frequently what we mean when we say
used in the world rather than knowledge in the>°Meone “understands” something. For example,
classroom. Authentic assessment moves from thePmeone understanfisma when he or she can
recall of facts and the computation of “answers” td€2d & paragraph about speeding cars and use the
the application of knowledge in situations similar€duation to determine which car will go fastest or
to those in which knowledge will be used in the"€€d the least force to accelerate.

real world. Correspondingly, judgments are made Technology can be used to support understand-
on authentic processes and products, and the “cdfd Py providing students with one or more sym-
rectness’ of these assessments moves from beif§!ic representations of a phenomenon or concept.
the sole responsibility of the teacher to being the>tudents can acton these in some way and observe
shared responsibility of those who participate irthe results. These multiple coordinated represen-

and are affected by the application of knowledget.ations can make difficult concepts more accessi-
ble to students, and students can build a deeper

= Authentic assessment can be supported bynderstanding of the concept by combining the
technology in many ways, including: different information provided by each represen-
= Designing multimedia assessment tasks thattion (19,20). For example, a student could enter
present richly textured scenarios. an equation and the technology could provide a
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graph of the equation. As a consequence, the staapacity is increased by a variety of software and
dent has a deeper understanding about both equaardware compression and decompression utili-
tions and graphs. Or the technology can build oties. The network is connected to networks around
a student’s understanding as represented one whye world via satellite and microwave. Tapped into
to understand the phenomenon as expressed irttee network are a range of electronic devices that
different way. act and look sometimes like telephones, some-
“Stepping on the gas” is a common, everydaytimes like televisions, and sometimes like com-
experience for students. In the scenario providedyuters, but they all communicate with each other.
the students can manipulate the graphic object @ometimes they are combined into a single
a racing car so as to “step on the gas” (that is, irinformation-entertainment “teleputer.” This net-
crease the force), thus increasing its velocity an@vork interconnects the various devices we have
acceleration. Not only do they see the car speed wescribed and supports the connections between
(a consequence with which they are very familiar)school, home, and work.
they also see a numerical representation of its
speed and see this numeral change over tim€ersonal Digital Assistant (PDA)
They also see a graph of the relationship between Learners and teachers will have small, wireless,
force and acceleration. Thus, they can use theirery powerful information appliances at their dis-
understanding of speeding cars, as represented pgsal and within reach of their budgets in 10 years.
pictures, to understand force and acceleration, &apitalizing on trends in miniaturization,

represented by numerals and graphs. manufacturers are packing more and more com-
puter power into smaller and smaller cases. These
[ Technological Perspective developments herald a new class of computing de-

vice called a personal digital assistant (PDA).
Prices of these devices are dropping rapidly, and,
Networks well before 2005, their price points will meet
During the next 10 years, pressure from foukngse currently offered by more specialized game
market forces will drive service providers to yjatforms such as Nintendo. For example, most
support broadband (10 Mb/s to 100 Mb/s) ancgnalysts anticipate that prices for Apple Comput-
wideband (greater than 100 Mb/s) demands fog,'s Newton PDA will fall to $200 or less by 1996.
metropolitan-area networks (MANs) and wide- pgecause they carry their PDAs everywhere,
area networks (WANS): learners in our scenarios can work on their proj-
= Increases in computing power. ects regardless of their location. In addition to ap-

= The public's growing appetite for media-rich proaching the task in a structured way, students
work opportunistically, adding voice annotations,

information. : )
= Increases in workgroup computing (that is comments and ideas from friends and parents, and
groupware). 'pointers to new information that arise during dis-

= Performance expectations based on the broaguSsions. The major importance of these devices
band and wideband capabilities of local-aredS that they bring computer processing and com-
networks (LANS). munications to situations anytime, anywhere.

These capabilities will enrich many “informal”

Encircling the McAuliffe community of our (outside the physical school building) learning sit-
scenario is a switched, high-bandwidth, wide-areaations, such as those that occur in the home.
network composed of fiberoptic cable and high-
capacity video servers. The network is extendethteractive Digital Video
into homes, schools, automobiles, and offices by Cable service providers are scrambling to pro-
an amalgam of fiber, coaxial cables, wireless comvide interactive digital video services. As first
munication, and a few residual copper wires. Itsteps, they are putting in place the infrastructure
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to provide video-on-demand and interactive homeant purpose of providing a common experience to
shopping as a replacement for conventional suta large group of people. The community members
scriber TV. They are examining both the impactcan participate in the achievements of their chil-
and the requirements of such services in testbedben and share in the satisfaction of their accom-
across the country (27). And, fueled by customeplishments.

surveys that already underscore the attractiveness

of these offerings, companies are building the vidiMPLICATIONS

eo servers and set top boxes necessary to sUPPRiterating the point that began this paper, the vi-
these initiatives. One can already preview modesfion that we present has significant implications
examples of these capabilities in hotels that offefgr social change that go beyond the development
guests the option to select and watch a movie at@ advanced technologies. Some of these implica-
time that matches their schedule or check oufions we have embedded in our scenarios and their
through the TV without going to the front desk. gnalysis. Others are more pervasive and represent
The advent of digital video-on-demand, coupledthe |arger social context beyond school, home,
with the development of user-friendly agentang business connections and relationships. Mak-
technologies, will allow people to search videojng the vision that we present a reality will depend
servers for specific kinds of information and makegp, changes in the way teachers teach and use
selections just as people today search and retrieygchnology, on the way education is supported and
information from conventional databases. schools are held accountable, and on the universal

In this scenario, both the replay of the race and@yaijlability of the services we describe.
the telecourse that Mr. Zamora is taking are avail-

able on large digital video servers. Carmela and) Teachers and Teacher Training

her fellow students will also store their multi- Sheingold (34) concludes that the human side of
media reports on these servers. These and otht%r

; ; re available to members of th mm echnology introduction is a much bigger barrier
esources are available to members oTthe COMMy, , |4k of technology per se. To fulfill our vi-
nity as they are interested in using them.

sion, teachers would need to learn not only to use
the various technologies described in our scenar-
Large, Color Display ios, but also to design, structure, guide, and assess
It is likely that in the next 10 years flat-screenprogress itkearning centered around student proj-
technology will improve sufficiently to accom- ects.
modate modest display sizes in limited locations. This kind of teaching, which most teachers
The federal government has made a financiahave rarely experienced in their own education,
commitment to keep the United States competirequires wide-ranging subject matter expertise,
tive in this technological arena. For example, Xe<creativity, and intellectual confidence. Teachers
rox Corporation has recently received significanineed to help students design projects that will in-
amounts of government funding to develop flat-corporate important content and be able to provide
panel technology for the U.S. military. We expectkey ideas or strategies for helping students over-
that in 10 years, following this developmentalcome impasses encountered in their work. Teach-
phase, the prices of large (4-ft x 3-ft ) flat panelers need to be comfortable letting their students
displays will reach price points equivalent tomove into domains of knowledge where the teach-
today’s high-end consumer televisionsers themselves lack expertise; teachers need to
($2,000-$3,000). have the intellectual confidence to be willing to
In this scenario, the community has access tmodel their own reasoning process when they en-
this still-expensive technology through the multi-counter phenomena they do not understand or
media performance auditorium at the McAuliffe questions they cannot answer. Teachers need to be
Learning Center. This display serves the imporereative in finding ways to embed measures of stu-
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dent understanding within group projects, no easgr, unspecified range of content domains. Just as
task when multiple groups are working concur-business professionals employ a variety of
rently and different students assume differentechnology tools to increase their access to in-
roles within their groups. Teachers must be able tiormation and ability to make sense out of it,
roam from group to group physically and elec-teachers will need a range of technology supports
tronically, providing stimulation and coaching for designing learning materials, performing as-
without dominating the group process. sessments, keeping track of curricular goals and
This new role for teachers is challenging and reachievements, and communicating with other
quires a very different kind of teacher educatiorteachers, information resources, students, and
program, one in which prospective teachers arparents. No longer will teaching be the single pro-
taught in the way we wish them to teach, andession in which practitioners cannot expect ready
technology use is integrated into all preserviceaccess to a telephone. Teachers will need to have
education classes rather than treated as the topischnology tools available to them for their own
for a single, isolated class. Today's teachers neegk well as their students’ use.
a great deal of professional support for learning to  The teachers we describe, with well-developed
teach in new ways and to incorporate technolog¥kills as technology users and greater interaction
into these practices. They do not need the one- gfith the worlds of research and commerce, are
two-hour workshop that is so prevalent todaylikely to find an increase in their status and in the
They need regular blocks of time built into their number of nonteaching opportunities available to
work schedules in which they can plan projectthem. Side effects of this change in role could well
based, technology-supported activities and asnclude pressure to increase teacher salaries and a

sessment methods, as well as opportunities tgreater diversity among those who choose the pro-
observe classrooms where such work is going oRession.

They need a chance to interact with a professional
roup of colleagues interested in the same kind . .
gf insptructional S?’;\pproaches. and subject matter t@ Accountability and Public Support
get feedback on their new approaches, pointers forom a public policy perspective, accountability
useful information, and encouragement for getconcerns are a driving force in federal, state, and
ting over the inevitable setbacks. Technology catpcal education spending. Federal and state educa-
help develop such groups through electronic netion agencies are offering local jurisdictions more
works and through “video clubs,” in which teach-flexibility in their education programs in ex-
ers share and discuss videotaped excerpts froahange for accountability with respect to curricu-
their classrooms. However, administrators andum standards. Some might infer quite different
policy-makers need to provide the resources twisions of technology use from those described
support time for teachers to engage in these activitere, based on trends stressing curriculum stan-
ties and develop expertise in their new roles.  dards and assessment of student performance rela-
If learning and teaching change in the ways wdive to those standards. One could extrapolate
envision in these scenarios, the profession ofrfom the national Goals 2000 legislation to the use
teaching will change drastically. Teachers will as-of technology as the transmission mechanism for
sume a more executive role, setting goals and préapproved” instructional content tied to curricu-
viding guidance, support, and evaluation, buium standards and as a tool for collecting student
letting the students carry out most of the learningaissessments (for example, through computerized
activities. This new role entails curriculum devel-adaptive testing, which permits the coverage of
opment (as they work with students to design projmore content with fewer test items per student).
ects), team building, diagnosis of individual Many software publishers are looking forward to
learning needs, assessment of individual studerthe development and voluntary adoption of na-
progress, and exploration of questions in a broadtonal curriculum standards because they have the
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potential to create broader markets for instructionty of making widespread, fundamental changes in
al software tied to a single national curriculum,teaching practices, a strong body of research and
rather than the patchwork of state and local curricevaluation evidence supporting these practices
ula that makes software design difficult and frag-must be generated and disseminated to policy-
ments the market. makers and the public if the kinds of practices we
We offer a very different vision of technology describe are to be commonplace in the year 2005.
use, one in which the same kinds of technology
tools used in work settings and homes are availF] Equity and Access
able to students and teachers, and are incorporatefle piggest assumption in our scenarios is that
into challenging learning activities where stu-gdents and their families will have near-univer-
dents design projects around their own interestgy) access to high-end technologies. As technolo-
with guidance and support from their teachers andly connects learning environments and homes, it
outside mentors. We have notignored these policijecomes increasingly important that differences
concerns, however. We suggest that sophisticateq socioeconomic status not create an electronic
software tools can be developed to support teaclisrm of school segregation between the techno-
ers in injecting important curriculum content into |5gical haves and have-nots. Government and
student projects and in keeping track of studengchool programs and regulations will need to as-
achievement of instructional goals. This technogyre the accessibility and affordability of at least a
logical aid is quite feasible, provided that teachersgyinimum form of network service for all homes.
have the training and time for its use. Although the growth in the number of comput-
Whatis perhaps less clear is public acceptancgrs and video-based technologies in schools has
of this approach to learning and of a system Opeen exponential (2), the number of hours per
assessing students in the context of authentigeek that individual students have access to
group projects. As Cohen (8) points out, the Magechnology is still very low in most schools.
jority of the public adheres to a very conventionalyigreover, those schools serving children from
model of education as knowledge transmissioRconomically disadvantaged homes have less ac-
and assessment as performance on standardizggss to technology than do those serving more af-
multiple-choice tests. In many cases, departuref,ent communities (3) and, when they do have
from conventional content, téaching practices, ohccess to computers, are less likely to use them in
assessment are seen as attempts to avoid higlyys other than drill-and-practice (12). In some
standards. Parents want to know where their chilstates, school budgets are stretched so tightly that
dren stand in relation to other children and whergy,dents must share basic texts; under such cir-
the student body of their school stands in relatiogmstances, teachers have a hard time building
to those of other schools on traditional academignthysiasm for learning to use new technologies.
subject matter. _ There are positive signs, however, that the issue
Our scenario for the future requires a reabyf equity is getting more attention. School financ-
change in this perception. It will come about onlyjng mechanisms that leave areas with low proper-
if there is increased dialogue between educatorg yalues with very limited per pupil educational
and the community they serve, as well as strongnging are being challenged successfully in
evidence that project-based learning activitiegnany states. At the same time, federal compensa-
support the attainment of higher skill levels andyory education programs are focusing more on
that authentic assessments provide informatiogcnools serving the largest proportions of poor
that is at once educationally usedmldpredictive  chjldren. Federal guidelines are encouraging
of how well students will perform future tasks of gchoolwide programs and supporting the acquisi-

interest, whether college performance or ability tqjon of technology and implementation of parent
function effectively on the job. Given the difficul-
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involvement programs as part of the effort to im-and children come together to engage in learning

prove the educational prospects for children at riskctivities, the learning environment can become

of school failure. the center for building communities of under-
Corporate support for education programs, parstanding.

ticularly programs that incorporate technology, is

at an all-time high and is likely to continue. ThegONCLUSION

business community has become much mor _ _
aware of its dependence on a well-educated work:N€ téchnological developments that we have dis-

force and of the changing cultural, gender, an@ussed will be driven to a large extent by the b_usi-
ethnic composition of that workforce. Many cor- N€SS and consumer markets and funded by private

porations are making a particular effort to reactf@pital. There is an important role, however, for

out to schools serving large numbers of childrerdovernment leadership, regulation, and support.
from less affluent homes, where computer Central to our vision of communities of under-

technology is usually absent. standing, of course, is the community. Communi-

Current trends are not sufficient to reach our vify l€aders will play a pivotal role in making
sion, however. Stronger efforts are needed on theducation the focus of community life and in
part of federal, state, and district education agerfiourishing the values that support education.
cies to make sure that schools serving larger con- State and federal governments also can facili-
centrations of students from poor homes have ndéte the development of communities of under-
only equal access to equipment, but also equity iftanding in the policies and regulations that they
terms of the quality of technology-supportedMake related to the emerging National Informa-
learning activities. tion Infrastructure (NII). Current models of the

The concentration of government resources foN” envision schools connected to each other and
technology in schools serving larger proportiond0 libraries and museums. This level of intercon-
of children from low-income homes will not bring Nection is insufficient to realize our vision;
real equal opportunity, of course, if the students d§chools must also be connected to homes and
not have the same kinds of home resources us&¢Prkplaces. As state and federal agencies review
by other students and their caregivers. Our scenafegulatory policies, they should require telephone
ios assume that a rich array of broadband servicé®mpanies and cable companies to provide
will be as commonplace and low in cost as televiphased-in universal service as they install ad-
sion or the telephone. Without something apvanced technologies, much as telephone compa-
proaching universal access and perhaps speci@ies are currently required to provide universal
rates for low-income households, we will not seevoice services. At the same time, policies should
the kind of across-the-board parental participatiofe structured so that service providers are respon-
described here. sive to community needs, much as current struc-

Another way to make technology accessible tdures require cable companies to negotiate with
parents is to make school equipment and servicdgcal communities around the terms of their fran-
available during nonschool hours. Part of the sceshise. Policies and funding should encourage and
nario takes place in a technologically and sociallysupport the experiments of local communities to
rich community center located in the school. Thenterconnect schools, homes, and workplaces to
coordination and co-location of community support education.
groups, social services, and educational programs In forming policies, it is vitally important that
can increase the impact of these services and ighfferences in socioeconomic status not result in
crease their efficiency. Making these resourcean electronic form of segregation between the
available to parents and students during nontechnological haves and have-nots. Policies will
school hours can further increase impact and reirbe needed to assure accessibility and affordability
force educational goals. As a place where parentsf at least a minimum form of network service for
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